Results of tests of weathered K5NA closeout material in the MSFC Hot Gas Facility by Dean, W. G.
t g /  /7"q3 
TECHNICAL NOTE -&Loch?ed 
Mkssdes & w e  -, lnc 
Huntsville Research & Engineering Center 
Title RESULTS OF TESTS OF WEATHERED K5NA CLOSEOUT MATERIAL I N  THE MSFC HOT GAS 
FACILITY 
BACKGROUND 
K5NA is  a TIPS material used e x t e n s i v e l y  on t h e  Space S h u t t l e  to  c l o s e  
o u t  j o i n t s ,  c o r n e r s ,  f i l l e t s ,  e t c .  I n  some of t h e  areas KSNA i s  a p p l i e d  
over e x i s t i n g  cork pane l s .  
t he  areas t o  be covered wi th  KSNA b e f o r e  p a i n t i n g  t h e  cork.  The r eason  for  
t h i s  i s  t o  enab le  t h e  K5NA t o  bond d i r e c t l y  t o  t h e  cork r a t h e r  t han  t o  t h e  
Hypalon p a i n t .  
I n  t h e  p a s t ,  t h e  p r a c t i c e  has  been t o  mask  o f f  
This  masking p rocess  i s  ve ry  t i m e  consuming and c o s t l y .  It 
worlld b e  very  h e l p f u l  i f  i t  could b e  demonst ra ted  t h a t  t h e  K5NA could  be 
app l i ed  over  t h e  Hypalon. 
Another problem wi th  t h e  KSNA is  t h a t  i t  i s  normally p a i n t e d  af ter  i t  
is app l i ed  t o  t h e  v e h i c l e .  The q u e s t i o n  h a s  occurred :  could  t h e s e  areas be 
l e f t  unpain ted  w h i l e  t h e  SRB is  exposed t o  t h e  weather? T h a t  i s ,  does  t h e  
weather ing  a f f e c t  i t s  thermal performance due t o  a b s o r p t i o n  of m o i s t u r e ?  
A t h i r d  problem a s s o c i a t e d  w i t h  t h e  U N A  a p p l i c a t i o n  h a s  t o  do w i t h  t h e  
u se  of e i t h e r  water  or K5NA s o l v e n t  f a r  t o o l i n g  t h e  material i n t o  shape. 
Both have been used a t  MSFC, bu t  KSC g e n e r a l l y  u s e s  on ly  s o l v e n t .  
TEST O B J E C T I V E S  
The o b j e c t i v e s  of t h e s e  t es t s  are: 
Determine t h e  e f f e c t s  of u s i n g  KSNA over  pa in t ed  cork  
0 Determine t h e  e f f e c t s  o f  weather ing  on t h e  unpain ted  
o Compare t h e  use o f  water v e r s u s  s o l v e n t  for t o o l i n g  K5NA i n  p l ace .  , and 
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These tests were q u a l i t a t i v e  i n  na tu re .  The i d e a  was t o  compare t h e  
p o s t - t e s t  pane l s  t o  see i f  t h e  K5NA performed reasonably  w e l l  and d i d  no t  
de lamina te  from t h e  cork.  That is, i f  t h e  KSNA s t a y e d  i n  p l a c e  and t h e r e  
were no obvious adve r se  e f f e c t s  o f  wea the r ing  then  t h e  f a b r i c a t i o n  methods 
would be d e c l a r e d  accep tab le .  
TEST DESCRIPTION 
Figure  1 shows a ske tch  o f  a t y p i c a l  panel .  It c o n s i s t s  o f  a 1/8" 
aluminum s u b s t r a t e  covered wi th  518 i n .  P-50 cork coa ted  wi th  Hypalon 
p a i n t .  The b a s i c  pane l  s i z e  w a s  14.125 in .  x 27.67 i n .  The K5NA w a s  
troweled i n  p l a c e  about  h a l f  way back on t h e  pane l  i n  a l a t e ra l  ''hump,'' 
approximate ly  318 i n .  h igh  and 2 in.  wide. 
"s ide A" and " s ide  B." Each s i d e  had a d i f f e r e n t  set  of v a r i a b l e & ,  i.e., 
some were p a i n t e d ,  sone were unpa in ted ,  some were t o o l e d  wi th  water, some 
w i t h  s o l v e n t ,  e t c .  Table 1 shows t h e  c o n f i g u r a t i o n  o f  each of t h e  s i x  
pane l s  t e s t e d  wi th  t h e  codes showing how each w a s  f a b r i c a l e d .  Each panel  
was ins t rumented  wi th  e i g h t  thermocouples,  f o u r  under the  K5NA and fou r  
under t h e  cork as shovn i n  Fig.  1. 
The p a n e l s  were made up wi th  a 
/ 
Cork Panel 
G 
K5NA Hump -7 1 
Flow 
-f 
H 14.125 
I 2 7 .6 7" 
F i g .  1 - Sketch Showing Dimension of Typ ica l  P a n e l  
(Not t o  Sca le )  
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These p a n e l s  were made u p  a t  MSFC and weathered i n  t h e  n a t u r a l  envi ron-  
ment a t  KSC f o r  approximate ly  fou r  months. 
The run  t i m e  f o r  t h e s e  tests vas based on a r equ i r ed  h e a t  load  of 1408 
2 B t u / f t  determined as fo l lows:  
Ascent Aero Heat Load - 284 B t u I f t 2  
Plume Sepa ra t ion  Heat Load = 188 B t u / f t 2  
Reentry Heat Load - 357 B t u / f t 2  
- 500 B t u / f t 2  Ascent  Plume Heat Load 
T o t a l  = 1329 B t u / f t 2  
_c 
These v a l u e s  are based on Body P o i n t  2106 which is about  midway of t h e  
a f t  s k i r t .  
The o v e r - t e s t  f a c t o r  used ( p e r  Bob F i s h e r ,  EP44) w a s  1.06, y i e l d i n g  a 
2 t e s t  h e a t  load  r e q u i r e d  o f  1408 B t u / f t  . Assuming a 27.6 peak h e a t i n g  
r a t e  ( i n  p o s i t i o n  2 of  HFG) y e i l d e d  a run  t i m e  of 51 sec. 
t e s t e d  i n  p o s i t i o n  2 of  t h e  HGF a t  t h e  s t anda rd  h igh  en tha lpy  run cond i t ion .  
A l l  pane l s  were 
Table  1 shows t h e  a c t u a l  run times f o r  a l l  s i x  t es t s .  Run 1106, Panel  
WKP-5, was i n a d v e r t e n t l y  run  f o r  60 sec. A l l  o t h e r s  were run f o r  5 1  sec a s  
planned. F igu res  2 through 13 show p r e t e s t  and p o s t - t e s t  photos  of  a l l  
panels .  
TEST RESULTS 
Tables  2 through 7 show t h e  p r e t e s t ,  p o s t - t e s t  and r e c e s s i o n  d a t a  f o r  
a l l  pane ls .  F igure  14 shows t h e  l o c a t i o n s  a t  which t h i c k n e s s  measurements 
were made. 
P o s t - t e s t  i n s p e c t i o n  of t h e  pane l s  showed t h a t  t h e  K5NA d i d  n o t  delami- 
n a t e  from any o f  t h e  cork p a n e l s ,  t h a t  i s  t h e  KSNA can be a p p l i e d  over  
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t h e  p a i n t e d  (Hypalon) cork  s u r f a c e ,  or t o  t h e  unpainted cork  s u r f a c e .  
were no  n o t i c e a b l e  d i f f e r e n c e s  i n  t h e  p a i n t e d  and unpain ted  U N A  s u r f a c e s .  
There were a l so  no n o t i c e a b l e  d i f f e r e n c e s  w i t h  K5NA whether  it was t o o l e d  
wi th  water o r  s o l v e n t .  
There 
CONCLUSIONS 
A s  a r e s u l t  of these tes ts  i t  was concluded t h a t :  
0 
0 K5NA can be l e f t  unpain ted .  
0 K5NA can be t o o l e d  w i t h  water or s o l v e n t .  
KSNA can be a p p l i e d  over Hypalon s u r f a c e s .  
W. G. Dean, Project Engineer  
SRB/TPS Contrac t  
1 
I - .  1" L,, 
'. . l a -  - 
C. D. Andrews, Manager 
Systems Engineering S e c t i o n  
I ,' . 
. r  - * i , ,  . 
Attach:  ( 1 )  Tables  1 through 7 
( 2 )  F i g u r e s  1 through 14 
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1103 
1104 
110s 
1106 
WKP-6 I 1107 
Ofl!GINAL. PAST is 
OF POOR QUALITY 
51.03 H-WA-U NH-WA-u 
H-SO-U H-SO-C 51.05 
51.05 H-WA-C NH-WA-C 
H-WA-U NH-WA-U 
H-SA-U H-SA-C 
60.04 
51.05 
Table 1 - PANEL CONFIGURATIONS 
Run No. 
1 Fabrication Method* 
Run T i m e  
(sec) 
Codes : * 
H = Hypalon 
NH = No Hypalon 
WA Water 
SO = Solvent 
C = Coated 
U = Uncoated 
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Lo ca t ion 
NO 
4 
5 
8 
9 
Avg 
6 
7 
10 
11 
Avg 
16 
17 
Avg 
18 
19 
Avg 
Pre Test 
Thick (mil) 
760 
760 
7 50 
765 
759 
7 65 
765 
765 
760 
7 64 
1185 
1180 
1183 
1180 
1150 
1165 
Table 2 - RECESSION DATA FOR WKP-1 
Pos t-Tes t 
Thick (mil) 
630 
710 
615 
755 
678 
595 
550 
615 
530 
5 73 
1060 
1025 
1042 
9 90 
980 
985 
Notes: 1. Serial No. WKP-1 
2. Test 1102 - 4/28/82 
3. POS. 2-51.05 sec. 
Delta Recession Rate Heating Rate 
<- 
130 
50 
135 
10 
81 
170 
2 15 
150 
230 
19 1 
125 
155 
140 
190 
170 
2.54 
0.98 
2.64 
.20 
1.59 
3.33 
4.21 
2.94 
4.51 
3.75 
2.45 
3.04 
2.75 
3.72 
3.33 
15.1 
13.2 
14.4 
15.6 
14.6 
21 .o 
21.5 
23.0 
22.1 
21.9 
19.3 
18.9 
18.5 
17.5 
18.5 
180 3.53 18.0 
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Loca t ion 
No. 
Pre  Tes t  
Thick ( m i l )  
750 
7 50 
760 
760 
755 
7 60 
760 
765 
760 
761 
1140 
1145 
1143 
1160 
1190 
1175 
Table 3 - RECESSION DATA FOR WKP-2 
Po8 t-Tes t 
Thick ( m i l )  
60 5 
665 
630 
7 20 
655 
595 
530 
605 
490 
555 
94 0 
970 
955 
970 
1075 
1023 
Notes: 1. Serial No. WKP-2 
2. Test 1103 - 4/28/82 
3. Pos. 2-51.03 sec.  
Delta 
Thick ( m i l )  
U P  
145 
85 
130 
40 
100 
165 
230 
160 
2 70 
206 
200 
175 
188 
190 
115 
152 
Recession Rate Heating Rate 
(miUsec) (Btu/ f t 2 s ec  
2 .a4 
1.67 
2.55 
0.78 
1.96 
3.23 
4.51 
3.14 
5.29 
4.04 
3.92 
3.43 
3.72 
3.68 
2.25 
2.97 
15.1 
13.2 
14.4 
15.6 
14.6 
21.0 
21.5 
23 .O 
22.1 
21.9 
19.3 
18.9 
17.5 
18.5 
18 .O 
18.5 
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Location 
NO 
4 
5 
8 
9 
Avg 
6 
7 
10 
11 
A% 
16 
17 
AW.3 
18 
19 
Avg 
Pre Test 
Thick (mil) 
760 
760 
760 
7 70 
763 
755 
760 
7 70 
760 
761 
1245 
1260 
1253 
1240 
1180 
1210 
Table 4 - RECESSION DATA FOR WKP-3 
Pos t-Tes t 
Thick (mil) 
620 
6 60 
600 
765 
661 
635 
600 
650 
540 
606 
1120 
1080 
1100 
1055 
1000 
1028 
Notes: L. Serial No. WKP-3 
2. Test 1104 - 4/28/82 
3. Pos. 2-51.03 sec. 
Delta 
Thick (mil2 
140 
100 
160 
5 
102 
120 
160 
120 
220 
155 
125 
180 
153 
185 
186 
182 
Recession Rate Heating Rate 
_(mll/eec> (Btu/ft2)sec 
2.74 
1.96 
3.14 
0.10 
2 .oo 
2.35 
3.13 
2.35 
4.31 
3.03 
2.45 
3.53 
3 a 0 0  
3.62 
3.53 
3.57 
15.1 
13.2 
14.4 
15.6 
14.6 
21.0 
21.5 
23.0 
22.1 
21.9 
19.3 
18.9 
17.5 
18.5 
18.0 
18.5 
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Table 5 - RECESSION DATA FOR WKP-4 
Loc a t ion  
NO 
4 
5 
8 
9 
Avg 
6 
7 
10 
11 
A% 
16 
17 
Avg 
18 
19 
A% 
Pre  Test 
Thick ( m i l )  
7 50 
755 
760 
7 50 
754 
755 
750 
7 50 
770 
7 56 
1210 
1180 
1195 
1175 
1190 
1183 
Post-Test 
665 
745 
630 
675 
679 
5 90 
540 
6 70 
575 
5 94 
1065 
1040 
1053 
1020 
1115 
1068 
Delta 
Thick ( m i l )  
85 
10 
130 
75 
75 
165 
2 10 
80 
195 
162 
14 5 
140 
14 2 
155 
75 
115 
Notes: 1. S e r i a l  No. WKP-3 
2. Test 1105 - 4/28/82 
3. Pos. 2-51.05 sec.  
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Recession Rate Heating Rate 
( m i  Usee) (Btu/ft2)sec 
1.67 15.1 
0.20 13.2 
1.47 15.6 
1.47 14.6 
3.23 21.0 
4.11 21.5 
1.57 23.0 
3.82 22.1 
3.18 21.9 
2 -84 19.3 
2.74 18.5 
2.78 18.9 
2.55 14.4 
3.04 17.5 
1.47 18.5 
2.26 18.0 
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Locat ion 
No. 
4 
5 
8 
9 
Avg 
6 
7 
10 
11 
Avg 
16 
17 
Avg 
18 
19 
Avg 
Pre Test 
Thick ( m i l )  
760 
7 60 
765 
7 60 
761 
760 
760 
7 60 
770 
763 
1180 
1200 
1190 
1180 
1180 
1180 
Table 6 - RECESSION DATA FOR WKP-5 
Pos t -Te s t 
Thick (mi l )  
600 
675 
620 
755 
663 
540 
520 
5 80 
500 
535 
1030 
1030 
1030 
1015 
980 
9 98 
Delta 
Thick (mi l )  
160 
85 
14 5 
5 
99 
220 
240 
180 
270 
228 
150 
170 
160 
16 5 
200 
182 
Recession Rate Heating Rate 
(mi l l  sec  1 (Btu/rt2)sec 
2.66 
1 e42 
2 a42 
0.08 
1.65 
3 e66 
4 .OO 
3.00 
4.50 
3.89 
2.50 
2.67 
2.75 
3.33 
3.04 
2.83 
15.1 
14.4 
15.6 
14.6 
2 1  .o 
21.5 
23.0 
22.1 
21.9 
19.3 
18.9 
13.2 
18.5 
17.5 
18.5 
18.0 
Notes: 1. S e r i a l  No. WKP-5 
2. Test  1105 - 4/28/82 
3. Pos. 2-60.04 sec.  
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Location 
NO - Pre Test Thick (mil) 
760 
760 
750 
765 
759 
765 
765 
765 
755 
763 
1200 
1220 
1210 
1200 
1215 
1208 
Table 7 - RECESSION DATA FOR WKP-6 
Pos t-Test 
Thick (mil)  
695 
755 
660 
765 
719 
605 
615 
620 
54 5 
996 
1040 
1050 
1045 
1020 
1120 
10 70 
Notes: 1. St r ia l  No. W - 6  
2. Test 1105 - 4/28/82 
3. Pos. 2-51.05 sec. 
Delta 
Thick (mil)  
65 
5 
90 
0 
40 
16 1 
150 
145 
2 10 
167 
160 
170 
165 
180 
95 
138 
Recession Rate Heating Rate 
(BtulftP)sec 
1.27 
0.10 
1.76 
0 .oo 
0.78 
3.15 
2.94 
2 -84 
4.11 
3.26 
3.13 
3.33 
3.23 
3.53 
I. .86 
2.70 
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15.1 
13.2 
14.4 
15.6 
14.6 
21.0 
21*5 
23.0 
22.1 
21.9 
19.3 
18.5 
18.9 
17.5 
18.0 
18.5 
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